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Soon a fte r P ro fe sso r Z eem an an n o u n ced h is im p o rta n t discovery th a t th e sp ec tral lin es becom e sen sib ly 'a lte re d in ap p earan ce a n d con-• stitu tio n w hen th e source of lig h t is p laced in a s tro n g m ag n etic field. ! I d eterm in ed to exam ine if th e sp e c tra of d iffe ren t substances are eq u ally or sim ilarly affected, a n d also if th e v ario u s lin es in th e 1 sp ectru m of a single su b stan ce are eq u a lly o r d iffe re n tly affected b y j th e actio n of th e m ag n etic field. T h e in v e stig a tio n of th ese m a tte rs I w as u n d e rta k e n also w ith th e u lte rio r o b ject of d e te rm in in g if t h e 3 phenom enon, fo r th e d iscovery o f w hich we h a v e to th a n k P ro fe sso r 1 Zeem an, could be m ade to afford a n y new in fo rm atio n , con cern in g j th e corresp o n d in g sets of lines in hom ologous s p e c tra o r in th e j sp e c tra of substances belonging to th e sam e g ro u p of chem ical elem en ts in fa ct, to d eterm in e if a n y new in fo rm a tio n could b e i glean ed concerning th o se atom ic o r m olecular v ib ra tio n s w hich g iv e | rise to th e lig h t em itte d by in can d e scen t m a tte r, an d th en ce to app ro ach m ore closely to a know ledge of th e u ltim a te co n stitu tio n o f ] atom ic a n d m olecular s tru c tu re s.
F o r th e p urpose of th is in q u iry I av ailed m yself g lad ly of th e 1 o p p o rtu n ity afforded m e of u sin g th e ex cellen t R o w la n d 's concave i g ra tin g m o u n ted in th e ph y sical lab o ra to ry of th e R oyal U n iv e rsity | of Ire la n d . T h is in s tru m e n t is of th e u su al type, h av in g a ra d iu s o f 1 21 5 feet, an d ru le d w ith ab o u t 14,438 lines to th e in ch . I t is fitted j w ith a cam era box w hich tak es a p h o to g rap h ic p la te 20 inches lo n g a n d | $ inches broad, so th a t a le n g th of th e sp ec tru m equal to 19 inches I can be p h o to g rap h ed a t a single exposure.
A s a consequence I nafcma ly decided to stu d y th e effect of th e m ag n etic field on th e j sp ectra by p h o tography, ra th e r th a n by eye observation, fo r th e j a tte r, esides b ein g applicable to th e visible p a r t alone, is m ore * liable to lend itself to th e personal b ias o r th e p rev io u sly form ed opinions o t e observer. T he p h o to g ra p h ic p late, on th e o th e r an , oes n o t len d itse lf to th e im ag in atio n of th e observer, b u t gives a a i . a reco rd of th e phenom ena as th e y actu ally exist in e im age ocussed upon i t ; besides i t enables one to com pare th e effects produced on a large n u m b er of lines u n d e r identical circum stances, a p o in t of g re a t im portance.
!n th e case of a phenom enon w hich exhibits itse lf as a v e ry sm all e ec , an one w ich it is difficult to o b tain and observe, i t is n a tu ra l a strong Magnetic Field.
th a t some doubt should exist a t first as to w hat it is th at actually is presented to the observer ; and th a t discrepancies should occur in tho statem ents of different observers regarding the phenomenon now under consideration is not surprising. Thus while Zeem an dis tinctly states th a t he obtained a trip lin g of the spectral lines when th e source of lig h t is viewed across the lines of m agnetic force, and a doubling w hen it is viewed along th e lines of fo rc e ; yet these effects were obtained only after the theory of the phenom ena pointed in this direction, and o th er reliable observers investigating the same lines have given expression to the opinion th a t when viewed the lines of force a doubling (like a reversal) or a broadening com bined w ith a doubling occurred.
So fa r as X am aware m ost observers have failed to obtain distinct trip le ts when the light is viewed across the lines of force, th a t is, they have not succeeded in separating the constituents sufficiently to enable them to decide w hat the exact composition of th e modified spectral line is. By placing a nicol s prism in th e p ath of the lig h t it has been determ ined th a t the central p a rt of th e modified line is plane polarised, and th a t the edges are also plane polarised, b u t in a plane a t rig h t angles to the plane of polarisation of the m iddle p art. Thus w ith the nicol in one position the middle m ay be cut out, leaving the two border lines, and w ith the nicol tu rn ed through a rig h t angle the two border lines may be removed, leaving the m iddle portion alone. I t is to be rem arked, however, th a t observations of th is nature, although they are in accordance w ith the supposition th a t the modified line is a triplet, yet they do not absolutely prove trip lin g pure and simple. F or this purpose it is necessary to obtain a m agnetic field strong enough to separate completely the constituent parts of the modified line, so th a t each can be observed separately, w ithout the com plications attending th e overlapping of the others.
Bj, way °f illustration and explanation of the foregoing rem arks it should be m entioned here th a t the observations which I have made m a general survey of the spectra of several substances indicate the existence of four types of effect,* which, although they easily har monise as particu lar cases of one general type of effect, yet deserve to be noted, inasm uch as they are the results actually presented to observation. Thus when the source of lig h t is viewed across the lines of m agnetic force some of the spectral lines are resolved into sharp triplets, in which the constituent lines are distinctly separated by clear spaces on the photographic plate. In these the middle line (of the trip let is stronger than the side lines, and agrees with the* f expectation th a t it should contain as much light as the two side lines ! combined. On the other hand, some lines are not resolved into , These m atters are treated in fuller detail in a paper communicated to th e ! -Royal Dublin Society in December, 1896.
d is tin c t trip le ts , b u t in to w h a t one m ay p rovisionally te rm " q u a r te ts ." I n th e se th e tw o side lines c o n ta in n e a rly all th e lig h t, w h ile th e tw o m iddle lin es a re w eak, b u t still v e ry d istin c tly m a rk e d . I t m ay be th a t th ese a rise fro m a p a rtia l re v e rsa l of th e m id d le line of th e trip le t, a n d t h a t th e y w ould co n se q u en tly show as trip le ts b u t fo r su ch rev ersal. T h e m iddle line, of course, is th e one w h ich w ould n a tu ra lly suffer re v e rsa l in th e lay ers of colder v a p o u r, as i t belongs to th e p erio d of v ib ra tio n w h ich is u n in flu en ced b y th e m a g n etic field-y e t th e ap p earan ce of th e w eak m id d le p a ir is n o t th a t w hich one u su ally o b serves in th e cases of re v ersal, n o r in a n y case do th e p h o to g ra p h s of th e lin e free fro m th e m ag n etic field show a n y sig n o f re v ersal. I t is in te re stin g to n otice in p a ssin g th a t th e lin es to w hich a tte n tio n h as been chiefly d ire c te d b y o th e r observers, nam ely, th e D sodium lines a n d th e blue line of cad m iu m of w a v e-len g th 4800, belo n g to th is l a t t e r class, a n d no d o u b t th e difficulty of d ec id in g as to w h a t re ally tak es place, a n d th e difference of opinion w hich h a s e x iste d are to be a ttrib u te d to th is cause. T hese lines do n o t resolve th em selves in to sh a rp trip le ts , a n d if one w ishes to observe a d is tin c t and welldefined trip le t th e violet line of cadm ium 4678 o r th e v io let line of zinc 4680 sh o u ld b e chosen.
F u rth e r, som e lin e s show as do u b lets, or, if we w ish to s ta te i t so, as trip le ts fro m w h ich th e m iddle lin e has com pletely d isappeared-th e source of lig h t bein g still view ed across th e lines of force. W h e th e r th is is d u e to com plete ab so rp tio n of th e m iddle line in th e ou tside v ap o u r of th e spai'k, o r not, re m a in s for fu r th e r in v estig atio n . T he ob serv atio n of it, how ever, led m e to th e su b je c t of th is co m m unication, nam ely, th e in v estig atio n of th e sp ectru m of iron. F in ally , th e re are sp ec tral lin es w hich are o nly slig h tly broadened, a n d o th e rs w hich are scarcely affected b y th e m ag n etic field, even w h en th is is stro n g en o u g h to resolve o th e r lines of th e sam e substance in to trip lets, of w h ich th e side lines are m ore th a n h a lf a m illim etre a p a rt, and visibly resolved on th e p h o to g rap h ic p late to th e n ak e d eye.
V iew ed from th e th eo re tic al stan d p o in t, w e h av e no reason to dem and th a t all, o r in d e e d necessarily any, of th e sp ec tral lines sh ould be resolved in to sh arp trip le ts w hen th e source of lig h t is view ed across th e lin es of m ag n etic force. F o r, in o rd e r th a t a sp ec tral line should ex h ib it its e lf as a c h a ra c te ris tic trip le t u n d e r th e influence of th e m ag n etic field, i t is n ecessary th a t th e freedom o f v ib ratio n should be equal in all d irectio n s, a n d in th is case th e in te n s ity of each re c ta n g u la r com ponent w ill be th e sam e. H ence th e m iddle line of th e tr ip le t w ill co n ta in as m u ch lig h t as th e tw o side lines ta k e n to g e th e r. If, how ever, th e v ib ra tio n s are n o t equally free in all directions th e foregoing re s u lt w ill n o t hold, and i t becomes possible to h av e a trip le t w ith a w eak m id d le line o r w ith-28 Mr. T . Preston.
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out a m iddle line, in w hich case it shows as a doublet. F or example, if the vibration is restricted to one plane, and if this plane sets itself at rig h t angles to th e lines of m agnetic force u n d er the influence of th e m agnetic field, th en th e com ponent of the vibration in the direc tion of the lines of force will be zero, and the middle line will vanish from the trip le t. If, on the o th e r hand, the whole vibration should set itself parallel to th e lines of force, th en the side lines of the trip le t would vanish, or, in o th er words, the spectral line would be unaffected by the m agnetic field. I t is clear, therefore, th a t the study of th e way in w hich the spectral lines are affected by the m ag netic field is likely to throw lig h t on th e ch aracter of the molecular vibrations. The substance which one w ould expect to present peculiarities in this way is iron, which, if it retains any of its m agnetic properties at the high tem p eratu re of spark produced between the term inals of an induction coil, should exhibit some characteristic behaviour in the m agnetic field. I was led to expect, indeed, th a t many, if not all, of the iron lines would be resolved into doublets ra th e r th an trip lets when the spark is viewed across th e field. I found it no easy m atter, however, w ith th e m agnetic field at m y disposal to resolve the iron lines into a n y th in g ; in the first place, because the effect is much sm aller (about one-half) for iron th an fo r th e 4678 line of cadm ium or zinc, and, in th e second place, because it is not. possible to work w ith th e pole pieces of th e m agnet so close together when the spark is passed from a solution of a salt as when it is passed between sm all metal electrodes. B ut in the case of a highly m agnetic substance like iron the m etal becomes alm ost unm anageable in a powerful m ag netic field, and so it happened th a t in my first attem pts I was not successful in resolving the iron lines into either doublets or trip le ts; yet even at th is stage I observed two or three lines converted into w hat I considered doublets. Finally, I succeeded in resolving the vast m ajority of the lines of iron by enclosing pieces of iron wire in small glass tubes so th a t the ends of the wire protruded slightly from th e glass where the spark occurred. The pole pieces were then pushed up to touch the glass jackets, and the spark was thus obtained in a very strong field, in fact in a field strong enough to resolve the m ajority of the iron lines into distinct triplets, showing th at these vibrations possess freedom in the m agnetic field (a t the tem perature of th e spark) ; but, in addition to this, other lines are observed as distinct doublets, and th e appearance of these doublets is not th a t usually associated w ith a reversal. In addition there are other lines in the spectrum of iron w hich are scarcely affected, if at all. I t is im portant to rem ark th at these differences of effect by the same magnetic field on the different lines of the spectrum of the same substance are not shown in any particular ascending or descending
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o rd e r in th e sp ectru m . T h ey m ay all e x ist in a single g ro u p of lines of nearly th e sam e w ave-length, a n d th e m a g n itu d e o f effect, even in th e case of th e lines w hich trip le , ca n n o t a t p re se n t be sta te d to follow any law . S a c h a law , if one exists, can be discovered only b y a com plete su rvey o f th e sp e c tra of v ario u s su b stan ce s w ith a very pow erful m ag n etic field capable of w ide lim its of v aria tio n . S u ch a field I hope to possess in a n e lec tro m ag n et w h ich is bein g b u ilt fo r th e pu rp o ses of fu r th e r in q u iry in th is d irectio n . I n th e m ean tim e i t m ay be ta k e n as th o ro u g h ly d e te rm in e d th a t it is u n tru e to assum e th a t th e re is an y su ch law as t h a t th e effect is un ifo rm for th e various sp e c tra l lines of a n y su b stan ce, o r th a t th e effect varies as th e w a v e -le n g th or as th e sq u are of th e w ave-length. N o d oubt i t m ay be possible in th e fu tu re to d iv id e th e sp ec tral lines in to g ro u p s su ch t h a t th e m em bers of each g ro u p a re sim ilarly a ffe c te d ; a n d it m ay be th a t a c e rta in hom ology m ay be fo u n d to exist b etw een th e g ro u p s of one su b stan ce a n d those of o th e r su b stances, a n d h en ce th e effect p ro d u c ed by th e m ag n etic field m ay be b ro u g h t in to line w ith th o se chem ical a n d p h y sic a l p ro p e rtie s of th e elem en ts w h ich h av e alread y th ro w n th em in to p erio d ic g ro u p s.
I am a t p re se n t v ery hopeful th a t som e la w w ill be o b tain ed in th is d ep a rtm en t fo r th e phenom ena a tte n d in g th e action of a m ag n etic field on th e ra d ia tio n from a source placed in it, for th e re su lts w hich I hav e alread y o b tain ed show c e rta in co rresp o n d en ces in th e effects produced on th e sp ec tra of allied elem e n ts as w ell as c e rta in recu rren ces of th e sam e effect in th e sp ec tru m of th e sam e substance.
The am o u n t of g ro u n d so fa r covered h as no t, how ever, been suffi cient, n o r indeed has m y m ag n etic field been sufficiently stro n g , to enable m e to lay hold of an y g e n e ra l p rin cip le co n tro llin g th e o served effec ts; nev ertheless a useful p urpose w ill be served in p u b lish in g th is p re lim in ary statem en t, as i t w ill, a t least to some ex ten t, c ear t e g ro u n d for tnose w ho are a t p re se n t co n sid erin g th e ph en o m ena rom a p u re ly theoretical stan d p o in t, an d i t m ay also to som e e x te n t serve a p erh ap s equally useful purpose in d iv e rtin g a useless expen ltu re of en eig y on th e p a rt of those w ho m ay be engaged in o T th e^a c tf th e laWS °f th e phenom ena w ith o u t sufficient know ledge n conclusion I m ay m ention th a t th e sp e c tra l lin es of a ir an d hydrogen are ren d ered diffuse by th e action of th e m ag n etic field. T he broadening here is n o t of th e c h a ra c te r exhibited by sp ec tral lines ot m etals in w hich th e lines rem ain sh arp th o u g h easily broadened, o f^r L l u^o f t°het h L CliaraCtfer °f a b r°adenin8' P^d u c e d by increase I m ay also a d d th a t th e m agnetic effect does n o t ap p ear to be in any way p arallel w ith th e pressure effect, th a t is, th e displacem ent of th e lines caused by increase of pressure in th e gas su rro u n d in g th e source of light, which has been recently investigated by Messrs. H um phreys and Mohler.
The photographs referred to in th is com m unication were taken w ith a spark source of light placed between the pole pieces of a good electrom agnet of the ordinary U-shape, for the use of w hich I am indebted to the kindness of the R ig h t Rev. Monsignor Molloy. W ith this m agnet I was able to obtain a field of about 25,000 C.G.S. units, and this separated th e side lines of the trip le ts in the violet line 4678 of cadmium to a distance of 0 5 6 mm. apart. The same separation takes place in the trip let given by the violet line 4680 of zinc, so th a t in the case of these lines we may infer in round num bers th a t a m agnetic field of 20,000 C.G.S. u n its stren g th produces a difference of wave-length of one A ngstrom u n it between the side lines of the triplet, i.e., a separation equal to one-sixth the difference of wave length between the two D lines of sodium. F or iron the separation is about half this am ount in the case of several lines. (Being Notes of a C ontribution to th e Discussion of Mr. P reston's Paper above, read Jan u ary 20, 1898.)
Light Vibrations in a Magneti
The ro tatio n of th e plane of polarisation of lig h t in a m agnetic field is due to the velocity of propagation of light circularly polarised in one direction being different from th a t of lig h t circu larly polarised in the opposite direction. The Zeeman effect is due to a difference in the frequency of vibration of these circularly polarised waves. W h at is required is to connect the frequency of vibration w ith the velocity of propagation.Â ll modern theories of dispersion connect these two quantities. The velocity of propagation of light in transparent media is now universally considered to be determ ined in p a rt by w hat may be # From an abstract of a paper by M. Becquerel, in the c Comptes Rendus ' of last year, I understand him to view the Faraday effect as due to a carrying round of the light vibrations by m atter rotations. This is quite in accordance with the view sometimes held as to refraction, namely, th a t it is due to th e waves being pro pagated through the molecules more slowly th an through the ether. The dynamical theory of these views is difficult on account of the smallness of the molecules in comparison with the length of the waves. M. Becquerel's view, as I under stand it, makes the Faraday effect depend on a change of frequency of rotation of the waves in m atter rather than on their velocity of propagation, and is conse quently quite at variance both with the commonly received theory and with the one pu t forward in this note.
